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¢ 
The isolation of one or another type of streptococcus from the blood 
and joints of patients with infectious (atrophic) arthritis or rheumatic 
fever has been reported by a  number of observers and has been denied 
by many more.  Within  the past two years interest in this  question 
has revived, due, primarily, to the work of Cecil, Nicholls and Stainsby 
(1, 2, 3) and of Forkner, Shands and Poston (4, 5). 
The group first mentioned were able to isolate streptococci from the circulating 
blood of 61.5 per cent of their cases of infectious arthritis and of these streptococci 
83.3  per  cent  were  culturally  and  biologically  identical  and  were  classified  as 
attenuated  hemolytic streptococci  (2).  Furthermore,  blood  cultures' from 58.3 
per cent of their cases of rheumatic fever yielded streptococci, of which 94.3 per 
cent were classified as Streptococcus viridans  (3).  Cultures of the synovial fluids 
from the two different types of cases frequently yi61ded streptococci which  were 
culturally and biologically  identical with  those isolated from the blood stream. 
Forkner et al. were able to obtain streptococci from 22 per cent of the cultures of 
joint fluids and from 48 per cent of the cultures of regional lymph nodes from cases 
of chronic arthritis, and of these streptococci 85 and 90 per cent, respectively, were 
identified  as  Streptococcus viridans (4).  In  a  more  recent  paper  (5),  Poston 
reported positive lymph node cultures from 60 per cent of cases of infectious arthri- 
tis and 93 per cent of the organisms grown belonged  to the Streptococcus viridans 
grouP. 
Excellent reviews of the literature pertaining to  the. problem in  question  are 
given by the above mentioned authors. 
The work reported in this paper was begun in the winter of 1928-29 
in  an  attempt  to  confirm  the  presence  of  streptococci  in  the  blood 
stream in cases of infectious  (atrophic)  arthritis.  During the winter 
and spring of 1929-30,  the cultural work was enlarged to include joint 
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fluids and,  whenever possible,  regional lymph nodes or  subcutaneous 
nodules from cases of either infectious (atrophic)  arthritis or rheumatic 
fever.  Owing to the surprising scarcity of patients with joints which 
contained  sufficient  fluid  to  render  aspiration  feasible,  the  num- 
ber of cases included in the second group was extremely  small. 
EXPERIMENTAL 
The patients for this series,  in addition to those from the Boston 
City Hospital,  were obtained through the kind  cooperation of the 
medical services of the  Massachusetts  General,  Children's,  Robert 
B. Brigham and Peter Bent Brigham Hospitals and the House of the 
Good Samaritan. 
Blood Cultures  (1928-1929) 
Method.--The  clot method of Cecil, Nicholls and Stainsby (1) for cultures from 
cases of infectious arthritis was followed as closely as possible.  Extreme care was 
taken in the preparation and the adjustment of the reaction of the media  (beef 
heart infusion broth).  All media were sterilized  in the autoclave. 
50  to 60 cc. of blood were usually taken and duplicate cultures, "A" and "B," 
were made.  Large test-tubes (200 x 25 mm.) were used, in place of bottles, as con- 
tainers for the media in order to lessen the chance of cracking and breaking due to 
repeated flaming.  In the earlier control cases, the blood clots were  allowed  to 
remain with the serum in the icebox for 48 hours before making the cultures.  In 
all the arthritic and rheumatic fever cases the serum was removed within 24 hours. 
The "A" cultures were subcultured to blood agar pour plates and blood broth every 
3 to 5 days, whereas the "B" cultures were transferred only on approximately the 
15th and 30th days.  When organisms were found in the "A" tube, "B" was sub- 
cultured immediately and regularly thereafter.  Most of the plates were examined 
for growth with a hand lens and frequently with a microscope.  Many questionable 
colonies were picked from the plates and subcultured to blood broth.  In one small 
series of  cases, a  duplicate set of subcultures was incubated anaerobically.  In 
another, subcultures were transferred to fresh blood broth in series on successive 
days for 6 days each, i.e., first subculture from original, second from first, and so 
forth. 
The results of cultures made from the blood clots and subcultured, 
over a period of approximately 30 days, are given in Table I.  Growth 
was obtained from 5 "A"  cultures and 2 "B"  cultures.  Among the 
35 control cases, growth was found in 6 tubes; whereas, among the 10 
cases of chronic arthritis, 11 cases of acute infectious arthritis and 12 RO]3,ERT  N.  NYE  AND  EDGAR  A.  WAX-ELBAU~[  887 
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cases  of  rheumatic  fever,  growth was  found in  only one--a case of 
chronic arthritis.  Six "A"  cultures, which on the same day came in 
contact, in the process of subculture, with blood broth which was later 
proved to be contaminated, were excluded  from the  series.  Staphy- 
lococci were found four times, diphtheroids twice and a  Gram-positive 
diplococcus and a  Gram-positive diplobacillus once.  No cocci grow- 
ing in  chains were  found.  None of the  anaerobic  cultures or those 
incubated in series showed growth. 
It should be noted that growth was never obtained from both the 
"A"  and  "B"  tubes  and  that more positive  cultures  were obtained 
from the tubes that were subcultured every 3 to 5 days than from those 
that were opened only twice. 
Blood, Synovial Fluid and Tissue Cultures  (1929-1930) 
Method.--Blood cultures were made using the clot method, as outlined by Cecil 
et al.  (3)  for cultures  from cases of rheumatic  fever, except that large test-tubes 
were used as containers instead of bottles.  In addition, blood cultures were taken 
in the ordinary way by adding approximately 5 cc. of blood to flasks containing 100 
cc. beef heart infusion broth.  Cecil's directions for making double strength beef 
heart infusion broth and beef heart infusion agar were followed explicitly; the final 
reaction of all media, after sterilization in the Arnold, was pH 7.6. 
The synovial fluids were all obtained from knee-joints.  The lymph nodes were, 
in both cases, large ones over the femoral artery in the groin on the affected side. 
The rheumatic subcutaneous  nodules varied in location and were, as nearly as one 
could  tell,  fairly  recent  in  origin.  These  nodes  and nodules  were  removed  in 
operating  rooms under strict aseptic  precautions.*  They were then macerated 
in a tissue press (5), and both the fibrous residue and the supernatant fluid were 
cultured.  The synovial  fluid and tissue  cultures  were made in double strength 
beef heart infusion broth (pH 7.6), prepared according to Cecil (3), and in ascific 
fluid-dextrose-beef infusion agar (pH 7.4) contained  in Smith-Noguchi  tubes,  as 
described by Poston (5).  By far the majority of cultures  were made at least  in 
duplicate. 
Subcultures  from the broth tubes  were  made at 3 to 7 day intervals  to blood 
broth and to streak or pour plates of blood agar, the "A" cultures being transferred 
more often than the others.  The agar tube cultures were ex~mlned with a hand 
lens at  1 to 3  day intervals.  When anything resembling  a  colony of bacteria 
* We are greatly indebted  to  Drs.  C.  C. Lund of the Boston  City Hospital, 
T. H. Laman of the Children's Hospital and S. G. Jones of the House of the  Good 
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seemed to appear, the whole culture was removed to a sterile Petri dish.  Most of 
the agar was then ground up in the tissue press and the resulting material trans- 
ferred to blood broth tubes in amounts of from 1 to 5 cc.  In a  few instances 
parallel subcultures  were made anaerobically.  All the cultures were kept for 45 
days before discarding. 
The results of these cultures, as summarized in Table II, are most 
inconsistent. 
Five of the 7 blood cultures showed growth in one or more of the 
tubes or flasks, but at least 50 per cent of all the cultures made from 
each case proved  to  be  sterile.  Streptococcus viridans  and  a  non- 
hemolytic  (gamma  type)  streptococcus  were  recovered  from  flask 
cultures from cases of infectious arthritis and rheumatic fever, respec- 
tively.  A  Gram-positive  diplococcus,  however,  was  also  recovered 
with the former and another flask culture and 2 clot cultures showed no 
growth.  Along with the latter  a  diphtheroid was  found and  2  clot 
cultures were negative. 
The agar and blood broth cultures of synovial fluids were all nega- 
tive with the exception of one agar tube which showed a single colony 
of a Gram-positive diplococcus on the third day. 
The agar cultures of the two lymph nodes showed no growth, but a 
variety of organisms were obtained from the blood broth cultures. 
All the cultures of the subcutaneous nodules from the two  cases of 
rheumatic fever were negative. 
The sera from the cases in this  series, after aging for several weeks 
to several months,  were tested for agglutinins  against two strains of 
streptococci (B 4 from a  case of infectious arthritis and RB 19 from a 
case of rheumatic fever) obtained through the kindness of Dr. Russell 
L. Cecil.  No significant titers could be demonstrated. 
Microscopic Examination  of Tissues 
Method.--A number of paraffin sections of Zenker-fixed tissue were made and 
were stained according to the Gram-Weigert method and to Wolbach's modifica- 
tion (6)  of the Geimsa technique.  These were examined most minutely micro- 
scopically using an oil j~mersion lens and a mechanical stage.  Tissues from 3 of 
the cases in the second series were examined together with those from 4 cases of 
rheumatic fever which were obtained through the kindness of Dr. F. B. Mallory of 
the Pathological Laboratory, Boston City Hospital. 890  INFECTIOUS ARTHRITIS AND  RHEUMATIC  FEVER 
TABLE  II 
Results  of Blood, Synovlal Fluid and Tissue Cultures 
~ase 
No. 
69 
70 
71 
72 
73 
74 
75 
76 
Diagnosis 
Blood cultures  Synovial fluid 
cultures 
Clot  Flask  Agar  Broth 
Chronic infectious  A 0  A 0  A 0  A 0 
arthritis  B 0  B 8-SV, L  B 0  B 0 
CO  CO 
DO  DO 
Chronic infectious  A 0  A 0  A 0 
arthritis  B 10-B  B 0  B 0 
CO 
DO 
Chronic infectious  A 0  A 0  A 0  A 0 
arthritis  B 0  B 0  B 0 
Chronic infectious  A 0  A 45-D  A 0  A 0 
arthritis  B 0  B 0  B 0  B 0 
Chronic~ect~us  A0  A0  A0  A0 
ar~fit~  B0  B0  B3-L  B0 
CO  C6-C 
DO  D30-D 
Rheumatic fever  A 0  A 8-SN, B  A 0  A 0 
B0  B0 
Rheumatic fever 
Rheumatic fever 
Tissue cultures 
Agar  Broth 
A0 
Lymph node 
A0  ]  A2-S 
B0  B0 
Lymph node 
A0  A6-D 
B0  B 6-S 
C 20-B, L 
I 
i 
1 
Subcutaneous nodule 
AO  I  AO 
B0  B0 
CO 
i 
Subcutaneous nodule 
A0  A0 
B0  B0 
CO 
B  =  Gram-positive bacilli, C  --  Gram-negative bacilli, D  =  diptheroids, L  = 
Gram-positive  diplococci, S  -  staphylococci,  SN  =  gamma type streptococci, 
SV = Streptococcus ~iridans and the figures represent the day of subculture. ROBERT  N.  NYE  AND  EDGAR  A.  WAXELBAUM  891 
As will be seen in Table III, no organisms could be demonstrated in 
the tissue substance,  although  all the tissues showed some degree of 
activity. 
DISCUSSION  AND  SUMMARY 
The question of the relationship  of streptococci to the etiology of 
infectious arthritis and of rheumatic fever is of the utmost importance. 
If a streptococcus or group of streptococci could be shown to be asso- 
TABLE  III 
Results  of Microscopic Examination of Tissues 
Ca~  No. 
71 
72 
76 
S-26-103g 
S-29-1045 
25-99 
29-171 
Diagnosis 
Chronic infectious 
arthritis 
Chronic infectious 
arthritis 
Rheumatic fever 
Rheumatic fever 
Rheumatic fever 
Rheumatic fever 
Rheumatic fever 
Cultures 
See Table II 
See Table II 
See Table II 
None taken 
None taken 
Blood  cultures 
at  autopsy 
negative 
Spleen  cultures 
at  autopsy 
negative 
+  = slight,  A--i- = moderate, +-4-+  = marke~ 
Tissue 
Lymph node 
Lymph node 
Subcutaneous 
nodule 
Subcutaneous 
nodule 
Subcutaneous 
nodule 
Myocardium 
Myocardium 
Mitral valve 
Aortic valve 
Histologic Bacteria  found in  pathology tissue 
+  None 
++  None 
++  None 
+-t-  None 
++q-  None 
+-1--]-+  None 
A--l-++  None 
and + + + +  = very marked. 
dated with either disease,  some form of specific treatment  might  be 
available.  The possibility of primary streptococcic infection  as the 
cause of rheumatic  fever,  and,  to  a  less  extent,  of acute  infectious 
arthritis  would  seem  to  be  a  reasonable  conjecture  because  of  the 
frequency of associated throat, sinus or other focal infection.  To con- 
sider  that  these  same  streptococci  remain  in  or  about  the  affected 
joint and to such an extent that they are found in the blood stream in 
cases  of  chronic  infectious  arthritis  of  years'  duration  demands  a 
rather unique conception. 892  INFECTIOUS ARTHRITIS AND  RHEUMATIC FEVER 
Recent investigative work has certainly tended to confirm the im- 
portance  of  streptococci in  these  diseases,  but,  if  all  the  published 
reports are considered as a  group, one can not help  being  impressed 
with the inconsistency and peculiarities of the findings. 
In blood cultures from cases of rheumatic fever Clawson (7) recovered Strepto- 
coccus  viridans,  Small  (8)  and  Birkhaug  (9)  non-hemolytic  (gamma  type) 
streptococci, and Cecil et al.  (3) Streptococcus viridans,  rarely hemolytic and non- 
hemolytic streptococci.  In blood cultures from cases of infectious arthritis Cecil 
et al.  (2)  recovered attenuated hemolytic streptococci and occasionally  Strepto- 
coccus  viridans,  non-hemolytic streptococci and  diphtheroids  and Margolis  and 
Dorsey (10) green-producing and indifferent streptococci and diphtheroids,  where- 
as from synovial fluids and regional lymph nodes Forkner, Shands and Poston (4) 
and  Poston  (5)  obtained Streptococcus  viridans  and  Margolis  and  Dorsey (11) 
recovered green-producing  and indifferent streptococci and diphtheroids  from epi- 
physeal marrows, bones and synovial membranes.  On the other hand, Jordan (12) 
and Nye and Seegal (13) and the work reported in this paper have failed to confirm 
these findings. 
If a streptococcus is the infective agent, it is difficult to explain why 
the organisms recovered so consistently by certain groups of investi- 
gators are so different and why the findings of other groups are entirely 
negative. 
The chances of contamination, even with the most careful manipula- 
tion,  are extremely favorable when using a  cultural technique which 
demands subculturing a  fluid medium every 3 to 5 days for a period of 
4 to 6 weeks.  The question arises as to what organisms should be con- 
sidered  as  contaminants. 
Cultures found to  contain Staphylococcus  albus  have never been judged sig- 
nificant.  Nhrgolis  and  Dorsey  (11) have excluded Gram-positive  bacilli  from 
their series, but have included diphtheroids.  Cecil et d. (2) reported the recovery 
of diphtheroids and Micrococcus zymogenes from blood cultures which they did not 
consider contaminated.  Jordan (12) recovered short Gram-negative  bacilli and 
Gram-positive  bacilli and questioned their importance.  The occurrence of such 
bacteria would appear to be not unlike that of the  non-hemolytic  (gamma type) 
streptococci  reported by Small  (7), Birkhang  (9) and,  rarely, by  Cecil et al.  (2) 
and Margolis  and Dorsey (10, 11).  In the work reported in this paper and  in 
previously published work (13) with blood cultures from cases of rheumatic fever, 
staphylococci,  Gram-positive  bacilli and diplococci  and  diphtheroids  have  been 
isolated from a certain number of the cultures.  Since these were found, as a  rule, 
in only 1 of 2 or more cultures from the same  blood and since such organisms ROBERT  N.  NYE  AND  EDGAR  A.  WAX~LBAD~  893 
occurred about as frequently in cultures from control cases, they have been con- 
sidered merely contaminants.  The findings in the 9 cases of arthritis with positive 
blood cultures reported by Margolis and Dorsey (10) are certainly far from con- 
vincing.  These authors found green-producing streptococci in 5 of the 9 cases, 
but duplicate cultures on the same blood, with one exception, were always negative 
and the two repeat cultures were negative.  Furthermore, in the 3 cases yielding 
indifferent streptococci in one subculture all subsequent subcultures were negative. 
In the work reported in this paper a green-producing and a non-hemolytic strepto- 
coccus were isolated from blood cultures, but a Gram-positive diplococcus and a 
Gram-positive bacillus, respectively, were recovered from the same cultures. 
A consideration of the above would seem to point to the probability, 
even  certainty,  of  streptococci  occurring  in  some cultures  as con- 
taminants;  and the work of Olitsky and Long (14) and Long, Olitsky 
and Stewart (15) has clearly demonstrated that the air contamination 
of  cultures  of  ground  material  with  non-hemolytic  green-producing 
streptococci can occur just as easily as with diphtheroids and staphy- 
lococci.  It  is  obvious, in  such  cases,  that  the  types  of  organisms 
recovered are dependent on the flora of the air of the laboratory or of 
the throat of the laboratory worker, and this point may well explain 
the differences in the cultural findings under consideration.  A number 
of years ago numerous articles  (16-19)  appeared relative to the bac- 
teriologic  flora  of  lymph  nodes,  particularly  those  from  cases  of 
Hodgkin's  disease,  and  it  is  interesting  to  note  that  the  organisms 
recovered were quite similar to those which have been recovered from 
the blood and tissues of cases of arthritis and rheumatic fever, with the 
exception  that  the  diphtheroids  were,  at  that  time,  much  more  in 
prominence. 
Regardless of elaborate serological studies and animal experiments, 
streptococci  must  be  recovered  consistently  by  several  groups  of 
laboratory workers before their etiologic r61e in chronic arthritis and 
rheumatic  fever  can  be  accepted.  Duplicate  cultures  and  repeat 
cultures should yield the same organism in a  generous percentage of 
cases and cultures from cases of other diseases or from normalpersons 
should be negative.  Positive cultures from duplicate cultures opened 
only at the time when the first culture showed growth would make the 
findings  more  significant  than  if  the  whole  series  were  subcultured 
every 3 to 5 days. 
The work of Cecil, Nicholls  and  Stainsby  on  the  bacteriology  of :894  INFECTIOUS ARTHRITIS AND  RHEUMATIC FEVER 
the  blood  and joints  in  chronic  arthritis  and  rheumatic  fever  has 
apparently been carried ou~ most carefully and thoroughly and their 
results are very consistent a~d convincing.  In spite of attempts to 
follow their  methods  in  the  selection  of  patients  and  in  cultural 
technique, the results on the relatively small series of cases which are 
reported  here  fail to  confirm their findings. 
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